A mutticenter study was performed to compare the diagnostic accuracy of a new technique, seis mocardiography, with that of electrocardiography for physiologically and anatomically significant ischemic coronary artery disease (CAD) during exercise stress testing Five participating centers enrolled 129 patients who had simultaneous seismocardie grams and 12-lead electrocardiograms at the time of their exercise treadmill stress tests. Two different definitions of CAD were used: anatomic and physiologically significant disease. The pree ence of anatomically significant CAD (250% diam eter stenosis) was documented by coronary angiography. Physiologically significant CAD was defined as present in the same 129 patients when coronary arteriography (250% diameter stenosis) and thallium201 scintigraphy (defect on initial postexercise images) were both abnormal. Sei smocardiography had a significantly better sensitivity for detecting anatomic CAD than did electrocardiography (73 vs 48%; p cO.OOl), without loss of specificity (78 vs 80%; p = NS). Exercise seismocardiography added significant incremental diagnostic information beyond that provided by exercise electrocardiography.
Seismocatdiography was more sensitive (without less specificity) in women and in patients who did not achieve maximal predicted heart rate. In patients with physiologically significant CAD, the seisme cardiogram was also significantly more sensitive (78%) than was the electrocardiogram (55%) (p <0.02), without loss of specificity (84 vs 74%).
Seismocardiography significantly improved sensitivity for the detection of anatomic and physiolo&c CAD. lt is easy to perform and may be a clinically useful adjunct in exercise stress testing.
(Am J Cardiol199~7lz539-545) T he use of electrocardiography during exercise stress testing for the noninvasive diagnosis of coronary artery disease (CAD) has a relatively low sensitivity (approximately 68%).132 Other noninvasive tests such as thallium or radionuclide ventriculography3s4 and stress echocardiography have been shown to have greater sensitivity for detecting CAD, but are more expensive and need additional expertise. Thus, an initial test for CAD, which has improved sensitivity, and is also safe and inexpensive, and easy to perform and interpret, would be of significant clinical value in the primary care setting. Seismocardiography is a new noninvasive technique that measures seismic waves on the anterior chest surface emanating from the motion of the heart6 Changes in cardiac wall motion induced by ischemia with exercise or balloon inflation during percutaneous transluminal coronary angioplasty can be detected by this methodology.6,7 Seismocardiography can be classified as a form of displacement cardiography that includes apexcardiography,* kinetocardiography,9 ballistocardiography1o%1 l and cardiokymography.12,13 Seismocardiography is known to be safe, inexpensive and easy to perform, but its sensitivity for detecting patients with CAD needs to be validated. The purpose of this multicenter study was to evaluate the ability of seismocardiography to augment the sensitivity and specificity of exercise electrocardiography for the diagnosis of ischemic CAD in a large group of patients with and without CAD. The incremental diagnostic information provided by exercise seismocardiography beyond exercise electrocardiography and clinical variables was evaluated. In this study, a purely anatomic detinition (i.e., angiographic criterion alone), as well as a physiologic one (angiographic plus thallium-201 scintigraphic criteria), of CAD was used to evaluate the diagnostic accuracy of seismocardiography.
METHODS
Patients were recruited from 5 participating institutions from August 1989 to January 1991 after approvals of the study by the appropriate institutional review boards. There were 611 patients who had exercise electrocardiography and thallium imaging for clinical reasons. Exercise seismocardiography was performed in conjunction with the aforementioned tests, but only for the purpose of this study.
Of 611 patients, 169 were enrolled based on the criterion of a coronary angiogram within 3 months, before or after, of their exercise stress test. The 442 patients who were not eligible for inclusion in this study were excluded for absence of a coronary angiogram or for having an angiogram that did not fullill study criteria. If a coronary angiogram was performed within the previous 3 months, and no significant changes in cardiac symptoms occurred between the exercise thallium test and angiogram, then it was used for comparison with the exercise test results. If myocardial infarction or bypass surgery had occurred between the 2 tests, the patient was excluded. Patients who had coronary angioplasty were excluded if the angioplasty was performed ~3 months before the stress test. If angioplasty was performed 3 to 6 months before the exercise test, then an angiogram obtained within 2 weeks of the exercise test was needed for inclusion in the study. Patients without prior coronary angiograms were followed by telephone at 1 and 3 months after the exercise test to determine if an angiogram had been obtained after the exercise test.
Of 169 patients with angiograms, 16 were excluded before seismocardiographic or electrocardiographic interpretation for not fulfilling entry criteria. The protocoldefined exclusion criteria were as follows: intraventricular conduction delay (right or left bundle branch block) on the electrocardiogram (n = 7); myocardial infarction within 6 weeks of exercise stress test (n = 3); atria1 fibrillation (n = 3); premature ventricular contractions or intermittent ventricular pacing, or both (n = 2); heart transplantation (n = 1); significant valvular heart disease (n = 0); and prior coronary artery bypass surgery (n = 0). Of the remaining 153 patients, angiographic (n = 13), thallium-201 scintigraphic (n = 2), electrocardiographic (n = 0) or seismocardiographic (n = 9) data were unavailable or inadequate for evaluation in 24 patients (2 patients had 2 reasons for exclusion). The remaining 129 patients had complete data including coronary angiography, exercise thallium-201 scintigraphy, and exercise electrocardiography and seismocardiography. A subset of this group (n = 9) initially had "normal" coronary angiograms and were later (within 3 months) recruited to undergo exercise thallium-201 (and seismocardiographic) stress testing solely for the purpose of this study. The other patients all bald clinically indicated exercise tests; angiograms were obtained before the exercise tests in 69 patients and after the exercise tests in 60. Group A included 89 patients with 250% diameter coronary artery stenoses on angiography, and group B included 40 patients with ~50% stenoses.
Exercise electrocardiography:
Resting supine and upright 1Zlead electrocardiograms were obtained immediately before a symptom-limited exercise treadmill test that used either the Naughton (n = 17), Bruce (n = 99) or other (n = 13) protocol.14 Exercise was stopped for >2 mm of ST depression (n = ll), a 20 mm Hg decrease in systolic blood pressure (n = l), systolic blood pressure >220 mm Hg (n = 7), chest pain (n = 37), fatigue (n = 37) or 285% age-predicted maximal heart rate achieved (n = 36). Electrocardiographic evidence of ischemia was detined as 21 mm of horizontal or downsloping ST-segment depression from the baseline ST segment as visually estimated 60 to 80 ms after the J point.
Exercise seismocardiography:
The method of obtaining rest and immediate postexercise seismocardiograms was previously reported in detail6 Briefly, a 1 k.g ultralow-frequency piezoelectric acceleration transducer (Seismed Instruments Incorporated, Minneapolis, MN) was positioned on the sternum in the midline, with the lower edge of the accelerometer at the xyphoid process, with the patient in the supine position. A l-minute recording was obtained. A 3-lead electrocardiogram was recorded simultaneously to provide a fiducial mark for signal averaging and the proper timing of the recorded seismic waves induced by cardiac motion transmitted to the anterior chest wall. The seismic waveforms underwent band-pass filtering and analog-to-digital conversion ( Postexercise GCG shows decrease in aortic valve opening (AO) amplitude and increase in early rapid filling (RF) amplitude compared with baseline SCG. Other abbrevib tions as in Figure 1 . averaging. The data were then stored on a microprocessor for later analysis and a hard copy output of results. The real-time seismocardiographic and electrocardiographic tracings appeared on the computer screen during data acquisition to ensure technically proper recordings. Immediately after the exercise test, the patient was again placed in the supine position, and a second l-minute seismocardiogram was recorded. A third lminute seismocardiogram was also obtained after 25 minutes of recovery after exercise. For this study, the recovery seismocardiogram was obtained 30 minutes after exercise to avoid delays in thallium imaging.
Previous work using simultaneous M-mode, 2-dimensional and Doppler echocardiography documented the correspondence of seismocardiographic waves with intracardiac events6j7 including mitral valve closure, aortic valve opening, rapid left ventricular ejection, peak left ventricular outflow tract velocity, aortic valve closure, mitral valve opening, early rapid filling and atrial systole ( Figure 1 ).
An example from this study of the change in seismocardiographic waveforms with exercise-induced ischemia is shown in Figure 2 . The major criterion for abnormality was a relative change in the systolic portion of the tracing. The amplitude and timing of the pre-exercise aortic valve opening point was compared with those of the immediate postexercise aortic valve opening point. A 250% decrease or disappearance in this point in the postexercise waveform compared within the pre-exercise waveform was considered abnormal. If with a 10 beats/min increase in heart rate after exercise the duration of Q wave to aortic valve opening did not decrease, the test was considered abnormal. A secondary criterion for the presence of coronary ischemia was an increase in the amplitude of the diastolic RF wave immediately after exercise. If the overall morphology of the waveform was unchanged but the frequency of the waves increased due to increased heart rate, the tracing was considered normal. The interpretation criteria were previously described.15 Registration of waves for proportional changes in heart rate was previously validated. 6 In a previous study, inter-and intraobserver agreement were 80 and 88%, respectively. l5 The reproducibility of the baseline seismocardiogram over a 3-month period has been valida&k6
Thallium201 scintigraphy: At peak exercise, 3 mCi (111 MBq) of thallium-201 was injected intravenously, and exercise was continued for 30 to 60 seconds. Single-photon emission computed tomographic (SPECT) imaging was begun 10 to 15 minutes after exercise. Image acquisition was performed over 180", from the 30" right anterior oblique to 60" left posterior oblique projection, with 32 stops of 30 seconds each. Delayed images were obtained 3 to 4 hours after exercise. hnmediate postexercise tomographic images were interpreted semiquantitatively using a 5-point scale as follows: 0 = normal, 1 = equivocal defect; 2 = moderate defect; 3 = severe defect; and 4 = no perfusion. Thahiurn-201 redistribution was graded on a 4-point scale as follows: 0 = no redistribution; 1 = minimal redistribution; 2 = partial redistribution; and 3 = complete redistribution. In 11 patients, reinjection of thallium (1 mCi [37 MBq]) was performed before the acquisition of delayed images.
Coronary angiography:
Coronary angiography was performed using the Judkins technique. Reduction in percent luminal diameter was visually assessed, and categorized as 0 to 25%, 26 to 49%, 50 to 69%, 70 to 89%, 90 to 99%, and 100%. lest intetpretation:
Electrocardiograms, seismocardiograms, thallium images and coronary angiograms were all interpreted without knowledge of clinical findings or other test results by 2 independent observers (see Appendix). A third independent observer adjudicatetd any differences between readers.
Clinical data: Before the exercise test, a medical history concerning prior myocardial infarction, prior angiography, other cardiac events and cardiac medications was obtained from the patient. Cardiac risk factors were also assessed by patient history (smoking, hypertension, hypercholesterolemia, diabetes and chest pain). Pretest symptoms were classitied by the examining physician as either noncardiac, or atypical or typical angina. There were 25 patients who were asymptomatic, 16 with noncardiac symptoms, 22 with atypical angina and 66 with typical angina.
The pretest likelihood of CAD was estimated using the Framingham Prospective Risk Score,16 translate:d from 6-year future risk to present risk.17J8
Data analysis: Anatomically significant CAD was detined based on the angiographic criterion of the presence of 250% diameter stenosis in 21 epicardial artery or major branch.
An alternative definition of significant CAD was also used in the comparison of the electrocardiogram and seismocardiogram. Physiologically significant disease was considered present if the patient had both a thallium defect and 250% luminal diameter stenosis on angiography (n = 51). Physiologically significant disease was considered absent if the patient had neither a thallium defect nor ~50% diameter stenosis on angiography (n = 31). Patients who had thallium scintigraphic and coronary angiographic results that did not agree were omitted from this analysis (n = 47). Using slightly different criteria for evidence of significant ischemia, a group of 70 patients was identified who had both 250% diameter coronary stenosis on angiography and a reversible thallium defect (n = 33), or neither (n = 37). Patients who had thallium scintigraphic and coronary arteriographic results that did not agree were omitted from this analysis (n = 59). This group (n = 70) was designated the "physiologically ischemic" group. The diagnostic accuracy of the electrocardiogram and seismocardiogram using these anatomic and physiologic alternative criteria for CAD was assessed by comparison of sensitivity, specificity, and positive and negative predictive accuracy.
Receiver-operating characteristic curves were constructed from logistic models. Model 1 contained age, gender and angina symptoms before testing. Model 2 contained the aforementioned variables and the results of the exercise electrocardiogram; model 3 added the results of the exercise seismocardiogram. The ditferences in the areas under the curves for each model were compared by the method of Hanley and McNeil19 to assess the ability of the logistic models to accurately predict anatomic CAD. 20 Differences between groups for electrocardiographic and seismocardiographic sensitivity and specificity were compared by the test for proportions. Differences within groups comparing electrocardiographic and seismocardiographic sensitivity and specificity were compared by McNemar's test. Comparisons of predictive values were performed by &i-square analysis. A p value CO.05 with 2-sided testing was considered significant. Data are expressed as mean + SE.
RESULTS

Clinical characteristics:
The baseline characteristics of all 129 patients, as well as for groups A and B, are listed in Table I . Only 2% of patients were receiving digoxin at the time of the exercise test. Antianginal medications were not routinely discontinued for the exercise test. The mean maximal heart rate achieved during exercise averaged 85% of the age-predicted maximal heart rate. Three patients in group B had history of myocardial infarction, 2 of whom had subsequent angioplasty. The 10 patients in group B categorized as having prior known CAD included the 3 with prior myocardial infarction, as well as 7 who had coronary angiography with evidence of mild disease (~50% stenosis) before exercise testing. Anatomically significant disease:
Overall sensitivity and specificity, as well as positive and negative predictive values, for anatomically significant disease are listed in Table II . The sensitivity of the seismocardiogram was significantly higher than that for the electrocardiogram. Specificity was not signiticantly different between the tests.
Because (14) 14 (16) 4 (10) 7 (5) 5 (6) 2 (5) 2 (2) l(l) 1 (3) 3 (2) 3 (3) 0 (0) 3 (2) 3 (3) Numbers in parentheses are percents of total group. BP = blood pressure; HR = heart rate; SCG = seismocardiographic. (60%). In these patients, the positive and negative predictive accuracies of the concordant test results were 92 and 63%, respectively. These were not signiftcantly better than the positive and negative predictive accuracies for the seismocardiogram alone (88 and 56%, respectively), or the positive predictive accuracy of the electrocardiogram alone (84%). The negative predictive accuracy of the electrocardiogram alone (41%) was sign& cantly lower than if there was concordance of negative seismocardiograms and electrocardiograms (63%; p = 0.01). Using the differences in the areas under the receiver-operating characteristic curves, constructed from logistic model 1 (age, gender and pretest angina symptoms), model 2 (model 1 and exercise electrocardiographic results), and model 3 (model 2 and exercise seismocardiographic results), it was possible to evaluate the additive effect of the exercise tests on diagnostic accuracy. The area under the curve was 70. A separate analysis was performed using criteria for the presence of physiologically significant disease based on concolrdance of angiography and any defect (tixed or reversible) on thallium scintigraphy. For these patients (n = SZ), sensitivity and specificity, as well as the positive and negative predictive accuracies, for the seismocardiogram and electrocardiogram are listed in Table III . The sensitivity of the seismocardiogram was signiticantly greater than that of the electrocardiogram. The specificity, and positive and negative predictive values were not significantly different between the 2 tests.
In the physiologically significant disease group, the seismocardiogram and electrocardiogram were concordant in 65% (53 of 82) of patients. The positive and negative predictive values of the concordant seismocardiograms and electrocardiograms were 88 and 78%, respectively. The 78% negative predictive value was signiticantly better than for the electrocardiogram alone (50%; p = O.Ol), but not for the seismocardiogram alone (70%). Positive predictive value was not significantly In the physiologically ischemic group (n = 70), based on agreement of angiography and a reversible thallium scintigraphy defect, the electrocardiographic sensitivity tended to be less than the seismocardiographic sensitivity (p = 0.10). Specificity, and positive and negative predictive values for the 2 tests were not significantly different. However, the electrocardiographic values were less than the seismocardiographic values, and absence of statistical signiiicance may be due to the small sample size.
In the 69% (48 of 70) of physiologically ischemic patients who had concordant seismocardiograms and electrocardiograms, positive predictive value (86%) was not significantly greater than for the seismocardiogram (80%) or electrocardiogram (72%) alone. However, the predictive value of a concordant negative test result (93%) was significantly greater than that of the electrocardiogram alone (71%; p = O.Ol), but not that of the seismocardiogram alone (86%).
Extent and severity of disease: There was no loss of sensitivity for the seismocardiogram in 31 patients with only l-vessel disease (74%) compared with that in the 58 with multivessel disease (72%). Electrocardiographic sensitivity was 48% for both single and multivessel disease:
Patients undergoing coronary angiography were categorized according to the percent luminal diameter stenoses criteria of: (1) An analysis of clinical subgroups for a comparison of the sensitivity and specificity of the seismocardiogram and electrocardiogram is presented in Table IV The detection of 250% coronary narrowing was used for this analysis. The seismocardiogram was more sensitive than was the electrocardiogram in both men and women. Seismocardiographic sensitivity was greater than electrocardiographic sensitivity in patients with p blockade or calcium antagonist medica- tion. The sensitivity was greater for the seismocardiogram than for the electrocardiogram in the absence of prior myocardial infarction. Seismocardiographic sensitivity, although not statistically significant, tended to be greater than electrocardiographic sensitivity when patients exercised to 85% age-predicted maximal heart rate. However, electrocardiographic sensitivity was significantly less than seismocardiographic sensitivity in the ~85% maximal heart rate group (p <O.OOl). Specificity was not different between the seismocardiogram and electrocardiogram in the 2 and 435% maximal heart rate groups. In the ~70% maximal heart rate group, sensitivity of the seismocardiogram was not significantly different from that in the 270% maximal heart rate group. In contrast, electrocardiographic sensitivity was low in both groups.
Patients without ST depression on baseline resting electrocardiograms had signiftcantly greater seismocardiographic sensitivity than electrocardiographic sensitivity. Seismocardiographic sensitivity and specificity for patients without baseline ST depression was less than those for patients with ST depression on the pre-exercise tracing. Electrocardiographic specificity was not significantly different between the groups with and without baseline ST depression. effect of timing of the postexercise seismocardiographic recording was evaluated in 109 patients in whom timing data were available. For detection of 250% coronary artery narrowing, the sensitivity, specificity, and positive and negative predictive accuracies were calculated for the various time intervals after exercise. There were no significant differences in sensitivity when early (0 to 89 seconds) (n = 77) or delayed (90 to 217 seconds) (n = 32) recordings were obtained (72 and 87%, respectively; p = 0.15).
DISCUSSION
The major iinding of this study contirms an earlier report that seismocardiography significantly improves the sensitivity of exercise testing for detection of CAD compared with electrocardiography, without a loss of specificity. l5 Exercise electrocardiography improves diagnostic precision by 5% more than the pretest estimate available from age, gender, and anginal status by receiver-operating curve analysis; the further addition of exercise seismocardiography contributes an additional 10% to the assessment accuracy in the diagnosis of anatomic CAD, a highly significant (p <O.OOOOl) improvement. The inclusion of exercise seismocardiographly with exercise electrocardiography and standard pretest data increases diagnostic accuracy to 85%. The percent luminal diameter stenosis on coronary angiography was assessed qualitatively, and there are well-described limitations to the accuracy of this assessment. 21, 22 The sensitivity of the seismocardiogram and electrocardiogram did not change using either 250% or 270% diameter stenosis criterka; the sensitivity of the seismocardiogram was superior 1.0 that of the electrocardiogram at both stenosis criteria cutoffs. Thus, seismocardiography appears to provide an improved sensitivity without significant loss of specificity in patients with mild to moderate CAD using either a 250% or 270% stenosis criterion.
Seismocardiography appears to be equally sensitive in detecting anatomically significant CAD for single or multivessel disease. The absence of improvement in sensitivity for the electrocardiogram between the single and multivessel disease categories is puzzling, but may be related to referral patterns to thallium-201 scintigraphy (and hence to angiography) in patients with suspect, negative exercise electrocardiograms. Patients with strongly positive, exercise electrocardiogram results may be referred directly to angiography and thus would not be included in our patient population.
Physiologwally significant disease: The inaccuracies inherent in the use of qualitative assessment of percent stenosis by coronary arteriography for the diagnosis of CAD prompted use of alternative (i.e., physiologic) criteria. 21 Thus, the requirements of 250% stenosis on angiography and a defect (fixed or reversible) on thallium scintigraphy would be expected to partially correct for the overestimation of disease based on 250% stenosis alone.22 Using these criteria for physiologically signiiicant disease, seismocardiography was significantly more sensitive and also had a higher, but not statistically signiticant, negative predictive value compared with the electrocardiogram. Seismocardiographic specificity and positive predictive value were also well maintained using these criteria for physiologically significant disease.
Effect of concordance of seismocardiogram and electrocardiogram:
Because both an electrocardiogram and seismocardiogram were obtained on the same exercise test, the diagnostic accuracy of concordant tindings was assessed. Concordance, which occurred in 60% of patients, may contribute additional certainty to the exercise test conclusion, especially when both tests are negative.
Effect of gender: Sensitivity of the seismocardiogram was greater in both men and women, without a loss of specificity. Previous work found less specifrcrty of the electrocardiographic stress test in women,23 but if allowance is made for the pretest prevalence of disease, it has been demonstrated that men and women have the same rate of false positives and negatives.24
Effect of medications:
The sensitivity of the seismocardiogram was unaffected by either B-adrenergic blockers or calcium antagonists; it was greater than that of the electrocardiogram with or without either medication. The decreased sensitivity of the electrocardiogram compared with that of the seismocardiogram may be related to reduced exercise heart rate response or less myocardial ischemia. l4
Effect of prior myocardial infarction:
Seismocardiographic sensitivity was not significantly affected by the presence of prior myocardial infarction. In patients with or without prior infarction, the ST-segment response on the electrocardiogram was less sensitive than on the seismocardiogram. However, in practice, the presence of pathologic Q waves on the electrocardiogram would diagnose CAD even in the absence of ST changes on exercise testing.
EfFect of exercise heart rate: The seismocardiogram in contrast to the electrocardiogram did not show a loss of sensitivity in patients who exercised to ~85% of the age-predicted maximal heart rate. Seismocardiographic sensitivity was maintained even in patients who exercised to ~70% of the age-predicted maximal heart rate. Similar decrements in electrocardiographic sensitivity related to exercise heart rate (~85% of age-predicted maximum) have been reported previously?5
Eflkct of baseline ST depression:
Resting ST depression on the baseline electrocardiogram was previously shown to decrease the specificity of the ST response with exercise. 25 In the present study, the small number of patients (n = 3) with baseline ST depression and without anatomic CAD precludes conclusions concerning specificity.
Study limitations:
Although this study shows an improvement in diagnostic accuracy for the seismocardiogram over the electrocardiogram, the data cannot be extrapolated to other groups of patients with bundle branch block or after cardiac surgery, because these patients were excluded from the study.
In this patient population, electrocardiographic sensitivity was low. This may be due in part to a referral bias of equivocal electrocardiographic stress tests to further evaluation by thallium stress testing and angiography. This referral bias would not have been imposed on the seismocardiogram, which was performed solely for the purpose of this study. The sensitivity of the electrocardiogram was greater in the physiologically significant and ischemic groups than in the anatomically significant group. The low sensitivity of the electrocardiogram may also be due to sampling variability. A large meta-analysis of exercise electrocardiograms for the diagnosis of CAD found an average sensitivity of 68% with a reported SD of 16%.' The tinding of 48% sensitivity for electrocardiography in the present study is within the range (23 to 100%) reported in the aforementioned meta-analysis. Additionally, this same meta-analysis found the inclusion of equivocal exercise electrocardiographic results (usually inability to reach target heart rate) decreased sensitivity by 7.7%. Our study protocol required classification of all exercise electrocardiographic results as positive or negative, and therefore; test results are included that would be classified as equivocal in actual practice. We considered using heart rate adjustment of ST-segment depression26 to improve the sensitivity of the electrocardiographic tindings, but the approach remains controversiaJ,27~28 and the results vary among various investigators.29
Clinical implications:
Exercise seismocardiography, performed in conjunction with exercise electrocardiography, has greater accuracy for diagnosing CAD than does exercise electrocardiographic testing alone, which is especially useful in groups such as women and patients receiving heart rate-limiting medications. The test is particularly suited to patients with intermediate pretest probabilities of CAD, such as middle-aged women with typical or atypical angina, and middle-aged men with atypical angina. Application in clinical practice of the tindings of a signiiicant improvement in negative predictive accuracy for concordant results of exercise electrocardiograms and seismocardiograms can engender economic savings. A clinician gains more certainty with concordant negative test results, and therefore, there should be a reduction in the investigation of suspect negative exercise test results by more expensive procedures such as thallium-201 scintigraphy and coronary angiography. Additionally, the seismocardiograph itself is moderately priced ($18,500 to $23,500). The simplicity of the seismocardiographic procedure, and the brevity of the recordings enable the clinician to easily incorporate exercise seismocardiography with standard exercise testing.
